Abstract
Introduction
telangiectasia. For all these reasons, this research has focused on a strategy to optimize 1 the potency of CP while minimizing adverse effects, thus improving the CP benefit-risk 2 ratio. This has led to study new topical vehicles for CP delivery to overcome the limits 3 of the drug profile combined to the needs of the pathology.
4
Colloidal and innovative formulations such as microemulsions (MEs) have been 5 investigated as drug delivery and targeting systems [11, 12] as they offer several 6 advantages over traditional formulations [13] [14] [15] [16] [17] .Therefore, the goal of this study was 7 to develop CP-loaded MEs for the potential treatment of scalp psoriasis. In the W/O 8 MEs prepared, the solubility of the drug was improved by using a mixture of oil, 9 surfactant and co-surfactant (i.e lecithin, olive oil, isopropyl myristate). Furthermore, 10 the microemulsions studied in this work were developed paying special attention to the 11 biocompatibility and biodegradability of the excipients employed. Lecithin, used as 12 main surfactant, presents a notable affinity with cellular membranes, thus leading to an 13 increased absorption of several drugs [18, 19] . Isopropyl myristate is a non-toxic ester 14 with good systemic and local tolerance [20] and is pharmaceutically acceptable as the 15 oil component in MEs. Olive oil has been used as a promising excipient for 16 dermatological products, due to its great affinity for the skin and its moisturizing 17 activity [21] [22] [23] . The high amount of oil and surfactant phases selected for our systems, 18 as well as their bio-based nature, might be complementary to the drug activity in 19 promoting the healing of psoriatic scalp. This fact, together with the liquid form of 20 MEs, allows for an easy application and a suitable residence time at the target site 21 compared to traditional formulations (mainly shampoos and solutions) or to water-based
22
CP delivery systems already developed [24, 25] . Consequently, formulations proposed 23 have the advantage to improve prolonged CP skin retention (due to both enhancement Clobetasol-17-propionate (CP) (99.5%, batch 9) and egg lecithin (80% 11 phosphatidylcholine from egg, Lipoid E80) were a kind gift from GlaxoSmithKline
12
(Turkey) and Lipoid GmbH (Ludwigshafen, Germany), respectively. Isopropyl Construction of pseudo-ternary phase diagrams 23 
24
Page 5 of 44 In order to determine the concentration ranges of components for the existing range of 1 MEs, pseudo ternary phase diagrams were constructed using the water titration method 2 at room temperature [11, [26] [27] [28] [29] . Two different phase diagrams were prepared with 1:1 3 and 1:2 weight ratio (K m ) of Lipoid E80/2-propanol and Lipoid E80/ethanol, used as 4 surfactant/co-surfactants mixture. For each phase diagram at a specific weight ratio, the 5 ratios of oil to the mixture of surfactant and co-surfactant (Smix) were varied as 0.5:3.5, 1:3, 1.5:2.5, 2:2, 2.5:1.5, 3:1 and 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1. These ratios 7 were taken by previous literature findings (27-29); other ratios were also preliminarily 8 tried (data not reported), but discarded due to the unsuitable appearance of MEs 16 17 According to the ME regions in the phase diagrams, different ME formulations were 18 prepared by varying the ratio between surfactant/co-surfactant, thus mixing the 19 appropriate amounts of oil phases with Smix (Table 1) . Olive oil and 2-propanol were 20 chosen as oil phase and co-surfactant for ME1, respectively, while IPM and ethanol 21 were selected for ME2. Egg lecithin was used as surfactant for both formulations. Then, The pH of ME1 and ME2 was measured by a pH meter (pH 720inoLab, Germany). All 5 measurements were carried out in triplicate at room temperature (n = 3).
Preparation of microemulsions

6
Electrical conductivity (EC) of formulations was measured by using a conductivity 7 meter (Cond 3110 SET1, Germany), dipping the electrode in the MEs sample until 8 equilibrium was reached. Before measurements, the conductivity probe was calibrated 9 using standard KCl solution (n = 3).
10
The average droplet size and polydispersity index (PDI) were evaluated by dynamic 11 light scattering (Zeta sizer, Malvern instruments, UK). All samples were analysed in 12 triplicate in a thermostatic chamber at 25°C without dilution. Refractive indexes (RI) 13 were calculated using a digital refractometer (DR301-95, Germany).
14
Formulations were centrifuged (Mikro 120 Hettich Zentrifugen, Germany) at 13,000 15 rpm for 30 min to assess their physical stability, as previously reported [26] . Moreover, 16 storage conditions were tested at room temperature and at 2-8°C to evaluate any 17 macroscopic change in the ME system.
19
Rheological studies and viscosity measurements 20 The rheological analysis of the formulations was performed at 25 ± 0.1°C using an AR , R<10 nm; model:
OTESPA-R3, Bruker, France), and an RMS amplitude of 2.0 V. The images were subsequently processed and dimensions measured using NanoScope Analysis software (V 1.2, Bruker).
Determination of CP concentration in MEs
CP content in the formulations was determined using a modified rapid and sensitive Concentrations of CP were calculated by interpolation of its respective standard curve.
A stock standard solution of CP in acetonitrile (final concentration of 1000µg/ml) was prepared. Working standards of CP were prepared freshly for each assay in the range of 5 -100 µg/ml.
CP loaded MEs (200 µl) were mixed with 1 ml of acetonitrile: water (70:30), vortexed for 2 min and centrifuged at 14,000 rpm for 3 min. Thus, the supernatant solutions were withdrawn and filtered through nylon filters (0.22 µm) before starting HPLC analysis.
CP content in formulations was determined using the calibration curve (y=191112x-17056, R 2 = 0.9999). Drug content percentage (n = 3) was calculated from the ratio between the real drug content and the theoretical one. [37].
14
Histological examination and ultra-structural analysis by SEM 15 The effect of loaded formulations on treated skin was evaluated in comparison with 16 untreated skin (controls) by histological examination and ultra-structural analysis by Confocal laser scanning microscopy (CLSM) 10 Visualization of the skin penetration was performed by using excised pig ear skin, as 11 previously described. Formulations were labelled with fluorescein as marker and 12 applied to the skin for 24 h. A fluorescein ethanol solution was used as a reference.
13
After the treatment, samples were frozen with liquid nitrogen and isopentane, then 
Statistical analysis
Data were analysed using unpaired t-test and the analysis of variance (one-way ANOVA) followed by a Tukey's multiple comparison test (GraphPad Prism, version 6.02; GraphPad Software Incorporated).
Data are shown in both in vitro as well ex vivo cases as mean ± standard deviation, SD;
at least triplicates were performed. results, ME1 and ME2 were easily prepared using the optimal composition of oils, Smix 16 and water (Table 1) . ME1 was prepared with an optimal surfactant/co-surfactant ratio of Rheological studies and viscosity measurements 17 Representative flow curves and viscosity versus shear rate are graphically presented in There were no differences between unloaded and drug loaded formulations curves 4 (Supplementary Figure S2) , as the thermograms did not reveal any significant effect of 5 the drug on the whole system within the range of temperature used. Besides delivering a general size overview, AFM was used to characterize the shape and into the skin strata was achieved than the control. Fluorescein was detected more 22 weakly in the control sample than MEs (data not shown) demonstrating that the free dye 23 was not able to be properly retained in the skin layers, further according to Ex vivo permeation studies 3 The ex vivo permeation was exploited to quantitatively assess the behaviour of applied 4 formulations in terms of drug permeated through or accumulated into or on the skin.
5
The permeation profiles of both MEs demonstrate that irrelevant amounts of drug as in this study [49] . In addition, MEs were found to have a high thermodynamic stability, as already reported [14, 24] . Furthermore, the incorporation of CP did not 
